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Quality of Water from Public-Supply Wells in Massachusetts, 1975-86

By Thomas J. Trombley
ABSTRACT bicarbonte, chloride, and (or) sulfate
concentration.
The variability in the quality of water from
Massachusetts was LINTRODUCTION

public-supply wells in
evaluated by statistical and graphical methods.
Nearly all of the public-supply wells in the
Commonwealth derived water from stratified
glacial-drift deposits. The water-quality data
included results of 8,300 inorganic analyses of
samples collected from 1975 through 1986. The
data were grouped into 31 Commonwealth
water-resources planning basins and subbasins
that generally coincide with surface-water
drainage divides.

In general, analysis of the data shows that
water from public-supply wells in Massachusetts is
of good quality and suitable for human
consumption, but slightly acidic (pH values, about
6.3 to 6.6 standard units) and poorly buftered
[bicarbonate concentrations, about 20 to 40 mg/L
(milligrams per liter)]. The water typically has
chloride concentrations of about 30 to 33 mg/L,
and nitrate concentrations of about 0.3 to 0.7
mg/L. Water quality is affected by local geology
and anthropogenic sources. For example, the
highest median values for pH and bicarbonate are
found in ground water in planning basins underlain
by carbonate rocks; in the Hoosic and Housatonic
basins, median pH exceeds 7.0, and the median
bicarbonate concentration exceeds 75 mg/L. The
lowest median values for pH (6.1) and bicarbonate
concentration (8.5 mg/L) are found in water from
thick sand and gravel deposits on Cape Cod that
are derived primarily from schists, gneisses, and
granitic rocks. Median chloride concentrations are
highest, due primarily to highway deicing salts, in
ground water from the Mystic (58 mg/L), the
Quinebaug (50 mg/L), and the Blackstone (26
mg/L) basins. The highest nitrate and ammonia
concentrations are found in ground water from five
urbanized basins in eastern Massachusetts.

Kendall seasonal correlations with time
indicate that pH is decreasing in four basins,
possibly indicating a connection with acidic
precipitation. Specific conductance is increasing in
eight basins. Trends in specific conductance
generally are in response o changes in

The quality of the public ground-water
supplies has become a major concern in
Massachusetts during the last few years.
Ground water is the primary source of public
supply for about 165 communities and a
secondary source of supply for an additional 33
communities. Degradation of ground-water
quality is a threat to public health, and the
removal of ground-water supplies from service
has created shortages, requiring development of
new sources, expensive treatment, stresses to
other areas of the environment, and interbasin
transfer of water, among others. By 1985, about
100 wells in the Commonwealth had been closed
because of contamination; 56 of those wells were
closed because of contamination with organic
compounds (Special Legislative Commission on
Water Supply, 1986; Frimpter, 1988).

The  Massachusetts Department  of
Environmental Protection (DEP) requires
analysis of water samples from each public
supply for common inorganic constituents and
some metals at least once a year. Samples are
also collected periodically for analysis of volatile
organic compounds (VOC). Since June 1986, the
VOC analyses have been conducted by
Commonwealth certified laboratories. Until
now, this information was used only to identify
exceedance of recommended public-health
standards for  drinking water. The
Massachusetts Divisions of Water Pollution
Control and Water Supply (WSSC Project 87-10)
and the U.S. Geological Survey have
undertaken a cooperative study to evaluate
water quality and areal and temporal variations
in water quality in public-supply wells in
Massachusetts.

Purpose and Scope
The purposes of this report are (1) to

describe the water quality of the public
ground-water supplies in Massachusetts; (2) to

INTRODUCTION 1



evaluate the areal and temporal trends in water
quality; and (3) to relate the water-quality
trends to general causative factors, such as
geology, population density, highway deicing
salts, and others.

The scope of the study was to evaluate
statistically water quality and water-quality
trends from a data set consisting of 8,300 annual
inorganic  analyses of samples from
public-supply wells in 233 municipalities
throughout the Commonwealth for the period
1975-86. The data were grouped for analysis

into 31 Commonwealth water-resources
planning basins and major subbasins.
Physical Setting

General

The Commonwealth is divided into 28
water-resources planning basins (fig. 1) by the
Massachusetts Water Resources Commission,
some of which are divided further into two or
three subbasins for a total of 34 basins and
subbasins. Of these, 31 basins have been
developed for public ground-water supply.

The population of Massachusetts is
concentrated in the eastern one-third of the
Commonwealth, as indicated by figure 2, which
shows the centroids of the 1980 census tracts
(data from files of the U.S. Bureau of the
Census, 1985) in Massachusetts, and by table 1,
which lists summary data for each of the
Commonwealth  water-resources planning
basins. Each census tract contains about 1,000
people. Basins with a large population density
as shown in table 1 are the Merrimack (basin
13), the Concord and Sudbury (basin 14b), the
Shawsheen (basin 15), the North Coastal (basin
18), the Mystic (basin 19a), the Neponset (basin
19b), the Weymouth and Weir (basin 19c¢), the
Charles (basin 20), Narragansett Bay and Mt.
Hope Bay Shore (basin 26), and the Ten Mile
(basin 27). Primary water-quality concerns in
densely populated areas of the Commonwealth
are contamination from highway deicing salts,
septic and sewage systems, and industrial
wastes. In the less densely populated areas,
agricultural sources of contamination may be
more important. Major agricultural areas
(Massachusetts Department of Food and
Agriculture, 1988) include basins in western

Massachusetts, where dairy and maple-sugar
production are important; the Connecticut
Valley (basin 6), which also produces vegetables
and some tobacco; basins in central
Massachusetts, which produce vegetables; and
southeastern Massachusetts, which produces
cranberries (table 1), Primary water-quality
concerns in these agricultural areas are
contamination from animal wastes and from
agricultural chemicals.

Geology

Bedrock geology in Massachusetts (fig. 3)
can be|characterized by four generalized zones.
aconic-Berkshire zone in western

important factor affecting the water quality in
drift deposits because these drift deposits
generally are derived from local bedrock and
because water in the deposits may have
circulated through the bedrock.

Clima

Massachusetts has a temperate climate and,
according to the U.S. Department of Commerce
(1968), the Commonwealth can be divided into
three climatic zones. The Western division is in
the western 25 percent of the Commonwealth;
the Central division consists of about the central
one-harlf of the Commonwealth; and the Coastal
division consists of the remaining 25 percent of
the Coammonwealth located along the Atlantic
Coast and on Cape Cod. Annual precipitation
ranges from about 43 in. per year along the coast
to about 45 in. per year in the western part of
the Commonwealth. Precipitation is distributed
fairly evenly throughout the year; however,
year-tg-year variation may be great.

Air-temperature fluctuations

vary
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considerably throughout the Commonwealth.
For example, Boston and Nantucket have about
90 days per year where the minimum
temperature is 32 °F or less (U.S. Department of
Commerce, 1968), whereas Pittsfield, located in
the western part of the Commonwealth, has
about 160 days. In the summer, sea breezes help
moderate temperatures along the coast; the
temperature is 90 °F or greater, less than once
every 2 years on Nantucket. As for the rest of
the Commonwealth, the temperature is 90 °F or
greater, twice a year in Pittsfield and six times
a year in Worcester (fig. 1).

Previous Studies

Motts and Saines (1969) completed a
preliminary study of the quality of ground water
in Massachusetts using about 200 analyses from
across the Commonwealth. They divided the
Commonwealth into four hydrochemical zones
on the basis of geology. The acidic
hydrochemical zone 1 is common to most of the
Commonwealth, corresponds to the regions
underlain by igneous and metamorphic and
Paleozoic sedimentary rocks (fig. 3), and
includes Cape Cod (basin 22) and the Islands
(basin 23). Ground water from hydrochemical
zone 1 is characterized by pH values less than
7.0 and alkalinity concentrations less than
about 50 mg/LL as calcium carbonate
(bicarbonate concentrations, less than 61 mg/L).
Iron concentrations in ground water of zone 1
commonly exceed 0.3 mg/L, and manganese
concentrations commonly exceed 0.05 mg/L.
Alkaline hydrochemical zone 2 in western
Massachusetts is underlain by carbonate rock
(limestone, dolomite, and marble) and
corresponds to the Taconic-Berkshire geologic
zone (fig. 3). Ground water from zone 2 is
characterized by pH values greater than 7.0.
Concentrations of calcium, magnesium, and
bicarbonate tend to be higher than in acidic zone
1, and concentrations of chloride, iron, and
manganese tend to be lower. Hydrochemical
zone 3, which also has alkaline ground water,
corresponds to the Triassic lowland (fig. 3)
underlain by arkosic conglomerate, sandstone,
and shale. Ground water from this zone is
characterized by pH values greater than 7.0 but
smaller concentrations of calcium, magnesium,
and bicarbonate than ground water from the
Taconic-Berkshire zone. Hydrochemical zone 4,

which includes the Parker (16) and Ipswich (17) .

basins also has alkaline ground water.
Alkalinity is associated with amphibolite and
carbonate and calc-silicate lenses within
metamorphic rocks, basalts, and gabbros.
Another factor that may contribute to the
alkalinity in ground water is the reaction of the
water with organic matter buried in marine
sediments in the basin. The ground water from
hydrochemical zone 4 is characterized by pH
values greater than 7.0 and large concentrations
of calcium, magnesium, and bicarbonate
comparable to hydrochemical zone 3. Motts and
Saines (1969) concluded aquifers in swampy
areas and flood plains have water with
concentrations of iron and manganese that
exceed U.S. Environmental Protection Agency
drinking-water regulations and pH values that
are less than that in ground water from upland
areas. By comparing their chloride data to
analyses from the 1850’s, Motts and Saines
(1969) indicated a 4- to 10-fold increase in
chloride concentrations in ground water across
the Commonwealth from 1850-1966.

Persky (1986) found a strong positive
correlation between nitrate concentrations and
housing density on Cape Cod. Frimpter and Gay
(1979) suggest that highway deicing salts,
seawater flooding from storms, and saltwater
intrusion caused by ground-water withdrawal
are sources of sodium contamination of ground
water on Cape Cod. Coastal aquifers are
susceptible to seawater encroachment and
contamination from surface sources. Frimpter
(1988) completed a summary of Massachusetts
ground-water quality and indicated that
concentrations of iron and manganese exceed
U.S. Environmental Protection Agency
drinking-water regulations in some areas and
that most ground water in the Commonwealth
contains low concentrations of dissolved solids,
is soft, acidic, and corrosive to pipes and
plumbing.

Acknowledgments
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and other employees of the Massachusetts
Department of Environmental Protection,
Division of Water Supply, and Arthur Screpetis
and other employees of the Division of Water
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Minasion of the Lawrence Laboratory who
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helped explain the data-collection and analysis
procedures.

METHODS

Water-quality data from about 1,200
public-supply wells in Massachusetts were used
in this study. The water-quality data base,
compiled from archived laboratory sheets,

consists of 8,300 inorganic analyses for
concentrations  of  alkalinity, calcium,
magnesium, sodium, potassium, chloride,

sulfate, ammonia, nitrate, iron, and manganese,
and for pH. Sample documentation data include
town and well name, and sampling and (or)
analysis date. The number of the
Commonwealth water-resources planning basin
was determined by overlaying a map of the town
boundaries on a map of the basin boundaries.
Where a town’s boundaries lie within more than
one planning basin, the basin assignment was
made by overlaying a map of wells with known
locations. This approach to making basin
assignments was not exact because not all well
locations were accurately known.

Data-Base Structure

The original data base consisted of about
14,000 analyses for the years 1965, 1970, and
1975-86. Analyses of water samples collected
during aquifer tests and from test wells were
deleted, leaving about 13,000 analyses. Analysis
data were entered into the data base from copies
of the original laboratory sheets. In addition,
several hundred duplicate laboratory sheets,
entered into the data base, were compared to
evaluate data-entry errors. Few data-entry
errors were found among the duplicate
laboratory sheets. The data then were spot
checked against the laboratory sheets for errors
and corrected. Scatter plots of constituent data
were used to help identify data-entry errors.
Incorrect values were changed to the values on
the laboratory sheets. If no substantial proof
that a laboratory-sheet value was in error, even
if the value looked suspicious, it was not
changed. In addition to data-entry errors, some
suspicious values may have originated from
sampling and analytical problems. These
suspicious values were not deleted because it is
unlikely that all of the errors could be detected,
and arbitrarily deleting them could have biased
the data. One drawback to keeping these

suspect values is that caution needs to be used
in evaluating extreme values (maximums and
minimums) because there is an increased
chance that they may be in error.

Annual chemical data for 1975-86 were used
in the analyses described in this report. Also, a
number of wells had multiple yearly analyses, of
which all but one were deleted. The deletion of
multiple yearly analyses was accomplished
using the assumption that the well’s name was
consistent for all of the samples collected
throughout any given year. This is not
necessarily correct because there could be
typpgraphic differences or different sample
collectors could have assigned different names
to the well. However, the assumption probably
was adequate because there were few apparent
multiple analyses observed during a final
inspection of the data base. Where there were
multiple analyses from a well for a given year,
the| analysis that was eventually saved in the
final data base corresponds to the earliest day of
the month sampled. This limits the bias that
might have been introduced by selecting the
first sample of the year.

alysis Procedures and
tations

EStandard boxplots (figs. 4-14) were used to
provide an overview of the concentration
distributions within each of the 31
water-resources planning basins and subbasins.
Boxplots are a useful method for comparing the
statistical characteristics of several data sets
(Dennis Helsel, U.S. Geological Survey, written
comimun., 1989) and are used here to compare
the| ground-water quality between basins.
Median values, the centerline on the boxplots,
give a fairly good idea of the overall
ground-water quality within the basin. The
length of the box, which is the distance between
the 75th and 25th percentiles of the data, gives
an indication of the variation in values. Relative
skewness of the data is indicated by the
difference in size between the box halves and
the length of the “whisker” above and below the
median line. The presence or absence of unusual
values is indicated by plotting extreme values
individually. “Outside” wvalues, which are
plotted as an asterisk (*), are present in less
than 1 out of 100 values that are normally
distributed. Values plotted as a circle (o) are
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present in less than 1 out of 10,000 values that
are normally distributed. The term “typical
range” (interquartile range) is used throughout
this report to indicate where one-half of the
values lie, between the 25th and 75th
percentiles.

Correlation coefficients (Kendall’s Tau-B)
were calculated by using all of the well analyses
in the basin to evaluate the relations of
population density and time to selected
chemical constituents and characteristics.
Kendall’'s Tau-B is a nonparametric correlation
that uses ranked data. Because population
density is related to urbanization and
industrialization, the correlations with
population density show the relative importance
of anthropogenic effects on ground-water
quality. Correlations with time show time
trends. Caution is needed in interpreting these
coefficients because of anomalies in the data.
For example, some wells in a town may have
become contaminated by deicing salts after a
new highway was built, and the wells taken out
of service. If the wells were shut down after the
contamination reached a critical level, the time
trends might then indicate an improvement or
no change in water quality within the basin
when, in fact, the water quality may have
deteriorated. The Kendall Tau-B coefficients,
therefore, need to be used with caution to
indicate areas that may need further detailed
analysis. Conversely, these coefficients may not
show trends that actually occur.

WATER QUALITY

The characterization and analysis of
ground-water chemistry in this report is based
on annual chemical analyses of untreated well
water from municipal supplies. The analyses
include common inorganic mineral constituents
and the properties of specific conductance and
pH. The common cations calcium, magnesium,
sodium, and potassium and the common anions
bicarbonate, chloride, and sulfate were included
in virtually every analysis. Nitrogen as nitrate
and as ammonia, and the metals iron,
manganese, and copper were also included in
the analyses. Organic constituent analyses were
limited to about one sample per well collected
over a 5-year period. These analyses were
interpreted for the occurrence of chloroform,
which was detected at trace levels in about

one-half of the wells.

Physical and Chemical
Characteristics

pH

The hydrogen-ion activity of water is
measured by the pH. According to Hem (1985, p.
64), the pH of ground water in the United States
typically ranges from 6.0 to 8.5 standard units.
In carbonate-dominated aquifer systems and
where the water is able to react with ultramafic
rocks, the pH of the water becomes alkaline. In
contrast, other factors, such as oxidation of
dissolved ferrous iron, lower the pH. The U.S.
Environmental Protection Agency (1986)
recommends a pH range of 5.0 to 9.0 for
domestic water supplies because, within that
range, the pH can be adjusted easily by various
treatment processes.

Boxplots of pH (fig. 4) indicate that the data
do not follow a normal distribution because the
data are skewed and there are a large number of
extreme values. This distribution is typical of
water-quality data in general. Most of the
values fall within the U.S. Environmental
Protection Agency’s (1986) recommended range
for pH and are typically slightly acidie, from
about 6.3 to 6.6. However, nine of the 31 basins
had water with pH values that exceeded the
recommended maximum of 9.0; four had water
with values that were less than the
recommended minimum of 5.0, and three of
these basins also had water with pH values
greater than 9.0. Four basins had median pH
values greater than 7.0 (Appendix 1, p. 44), the
Hoosic (basin 1a), the Housatonic (basin 2), the
Farmington (basin 5), and the Connecticut
(basin 6); all of which are located in the western
part of the Commonwealth (fig. 1). The two
basins (Appendix 1, p. 44) with ground water
with the lowest median pH value (6.1) are Cape
Cod (basin 22) and Buzzards Bay (basin 24),
both located on the Atlantic Coast.

Specific Conductance

Specific conductance is a measure of the
ability of water to conduct electricity and is
useful as an indicator of dissolved-solids
concentration. In Massachusetts, the primary
constituents of dissolved solids are the cations

WATER QUALITY 9



U.S. Environmental
Protection Agency (1986)
recommended range

L2 A rrr1rr 717 111711111 T T T T T T T
L } o 4 4
11 = | —
[ o -
10 — | -
i ) ° o 8 ° _
e ° ° ’
5 9 ———— ‘*’*ﬁ_*“—'__‘**“——s?*9_—_**0"—;‘
)} - ¥ x 9 o x 8 8 o B
[a) | : . o * o o © 8 L
s ool dn.l o+t i
o - * o i o *| % Z + , *» o % .
E ¥ g * * *oaoox M i
iy 7 * § * i * 7
s . |
z T é ;
3 er 8 .
L : * 3 4
5 ; * * =
————— — e T e — | — -+ — —_—
- o o -
41— ! —
= o ~
) S N S S e S S S
gueTwer®eo - angeReneg s8R 2ARIREN
BASIN NUMBER
EXPLANATION
Upper adjacent value equals largest data point less
than or equal to upper quartile plus 1.5 times the
Whisker | interquartile range

Whisker\lr
Lower adjacent value equals si

75 th percentile

Upper quartile

I

50N percentile

Lower quartile

25 th percentile

interquartile range

\
INTER-

QUARTIL
RANGE

*  OQutside values--plotted individ
the interquartile range

llest data point greater
than or equal to the lower quartile minus 1.5 times the

ally, 1.5 10 3.0 times

O Outlying values--plotted individually, all points greater

than 3.0 times the interquaniT range

I

|
Figure 4. Distribution of pH values in water from public-supply wells.
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calcium, magnesium, sodium, and potassium,
and the anions bicarbonate, chloride, and
sulfate. Boxplots in figure 5 show the
distribution of specific conductance in water
from the 31 basins and subbasins. The typical
range is from about 125 to 230 uS/cm. The
largest observed specific-conductance values,
with values as large as 1,000 to 1,500 uS/cm, are
in water from the Chicopee (basin 8), the
Blackstone (basin 12), and the Taunton (basin
25) planning basins. The largest (250-310
uS/em) median values (Appendix 1, p. 43),
however, are the Hoosic (basin 1a), the Parker
(basin 16), the Ipswich (basin 17), and the
Mystic (basin 19a) basins. The smallest median
specific-conductance values (78 to 95 uS/cm) are
in water from Cape Cod (basin 22), the Islands
(basin 23), and Buzzards Bay (basin 24) located
on the coast and in water from the Deerfield
(basin 3) located in the western part of the
Commonwealth.

Calcium

Calcium is a constituent of many igneous
and metamorphic rocks, especially the silicates
pyroxene and amphibole, plagioclase feldspar,
and in other silicate minerals that are produced
in metamorphism (Hem, 1985, p. 89). The
calcium concentration in water that has been in
contact with igneous or metamorphic rocks is
generally small, however, because the solubility
of silicate minerals is small and their
weathering and decomposition is slow.
Carbonate rocks, such as marble, limestone, and
dolomite, dissolve readily, and therefore, the
calcium  concentration in water from
carbonate-rock areas tends to be larger than in
other areas. Other sources of calcium in
Massachusetts ground water may include
deicing salt mixtures used on roads during the
winter.

Boxplots of calcium distribution (fig. 6) for
water from the planning 31 basins ‘and
subbasins in Massachusetts show typical
concentrations ranging from about 9.5 to 15.5
mg/L. The largest observed concentrations (100
to 115 mg/L) are in water from the Connecticut
(basin 6), Blackstone (basin 12), Parker (basin
16), and Ipswich (basin 17), (Appendix 1, p. 46).
The largest median concentrations (20 to 32
mg/L) are in the Hoosic (basin 1a), Concord and
Sudbury (basin 14b), Parker (basin 16), and

Ipswich (basin 17). The smallest median
concentrations (2.3 to 4.6 mg/L) are in water
from the South Coastal Shore (basin 21b), Cape
Cod (basin 22), Islands (basin 23), and Buzzards
Bay (basin 24); these basins are all contiguous
on the Commonwealth’s southeastern coast.

Magnesium

The principal sources of magnesium in
ground water are ferromagnesian minerals,
such as olivine, pyroxenes, amphiboles, and the
dark-colored micas; altered-rock minerals, such
as chlorite and serpentine; and carbonate rocks,
such as dolomite and magnesite (Hem, 1985, p.
97). Carbonate rocks provide the most soluble
source of magnesium. Figure 7 shows the
distribution of magnesium in water from
public-supply wells throughout Massachusetts.
Typical concentrations range from about 2.2 to
3.9 mg/L. The largest concentrations (56 to 92
mg/L) are in water from the Westfield (basin 4),
Chicopee (basin 8), Blackstone (basin 12), and
Charles (basin 20) (Appendix 1, p. 47). The
single largest concentration (92 mg/L) in water
from the Westfield basin is anomalous because
it is the only large concentration in water from a
basin with otherwise small concentrations. The
largest median concentrations (15 and 7.9 mg/L)
are in water from the Hoosic (basin 1a) and
Housatonic (basin 2) underlain by carbonate
rocks, including dolomite in  western
Massachusetts.  The smallest  median
concentrations are 1.4 mg/L in water from the
Millers (basin 7) and 1.5 mg/L in water from the
Islands (basin 23).

Sodium

Sodium is the most abundant member of the
alkali-metal group of elements, and when
dissolved, it tends to remain in solution (Hem,
1985, p. 100). Possible natural sources in
Massachusetts include the weathering of
plagioclose feldspar, the mixing with large
sodium concentrations in ground water from

marine sediments along the coast, and
precipitation, among others. The primary
sources for the larger observed sodium

concentrations are deicing salts used on the
roads during the winter and septic systems.
Sodium is also a byproduct of water treatment;
it is discharged by water softeners and reverse
osmosis units and is a component of sodium
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Figure 6. Distribution of calcium concentrations in water from public-supply wells.
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hydroxide, which is used to control pH and
corrosiveness in water supplies. The
Massachusetts Department of Environmental
Protection requires that all water purveyors
must notify their customers by mail if a 20-mg/L
standard for sodium is reached. “This public
notification allows the ‘at risk’ segment of the
population to make necessary adjustments in
their daily diets” (Special Legislative
Commission on Water Supply, 1986, p. 110).

The distribution of sodium in water from
public-supply wells for the 31 Massachusetts
water-resources planning basins and subbasins
is shown in figure 8. Typical concentrations
range from about 9.4 to 18.3 mg/L. Except for
the Hoosic (basin 1a), all of the basins have some
analyses with concentrations that exceed 20
mg/L. The Taunton (basin 25) has one analysis
as large as 750 mg/L (Appendix 1, p. 48); water
from this well is no longer used for public
supply. Eight other basins have outliers with
concentrations exceeding 100 mg/L (120 to 200
mg/L)--Millers (basin 7), Chicopee (basin 8),
Blackstone (basin 12), Merrimack (basin 13),
Weymouth and Weir (basin 19c¢), Charles (basin
20), North and South Rivers (basin 21a), and
Cape Cod (basin 22). Six basins have median
concentrations greater than or equal to 20 mg/L
(20 to 35 mg/L)--the Quinebaug (basin 9),
Shawsheen (basin 15), Ipswich (basin 17),
Weymouth and Weir (basin 19¢), North and
South Rivers (basin 21a). The smallest median
concentrations of sodium (1.6 to 5.0 mg/L) are in
water from the more rural western part of the
Commonwealth in the Hoosic (basin 1a),
Housatonic (basin 2), Deerfield (basin 3),
Westfield (basin 4), and Connecticut (basin 6).

Potassium

In most natural water (Hem, 1985, p. 104),
potassium concentrations are much smaller
than sodium concentrations. Potassium
weathers and is released more slowly from
silicate minerals than sodium and tends to be
easily reincorporated into insoluble weathering
products, such as clay minerals. Potassium is
also a byproduct of water treatment where
potassium hydroxide is used sometimes to
increase the pH of acidic water. The distribution
of potassium in water from Massachusetts
public-supply wells is illustrated in figure 9.
Concentrations are generally less than about 5

mg/L (from 0.9 to 2.0 mg/L), with some extreme
outside values exceeding 10 mg/L. The
Blackstone (basin 12) has water with the most
concentrations exceeding 10 mg/L. The largest
median concentration of 2.95 mg/L (Appendix 1,
p. 49) is from water in the Mystic (basin 19a).
The smallest median concentration of 0.6 mg/L
is from water in the Westfield (basin 4).

Bicarbonate

Bicarbonate concentrations in water are
calculated by dividing alkalinity by 0.8202
(Hem, 1985, p. 55, 57). Alkalinity is defined as
the capacity of a solute to neutralize acid (Hem,
1985, p. 106-109) and is expressed as milligrams
per liter of calcium carbonate. The primary
sources for bicarbonate in ground water are
dissolution of carbonate-rock minerals and
biologic activity. The distribution of bicarbonate
concentrations in ground water (fig. 10) varies
throughout the 31 Commonwealth planning
basins and subbasins. Typical concentrations
range from about 20 to about 40 mg/L. Large
median concentrations (Appendix 1, p. 50) are in
water from the Hoosic (basin 1a) where the
bicarbonate concentration is 152 mg/L
(alkalinity is 125 mg/L as calcium carbonate); in
water from the Housatonic (basin 2), 79 mg/L
(alkalinity is 65 mg/L as calcium carbonate);
and in water from the Parker (basin 16), 71
mg/L (alkalinity is 58.0 mg/L as calcium
carbonate). The smallest median bicarbonate
concentration is 8.5 mg/L (alkalinity is 7.0 mg/L
as calcium carbonate) in water from Cape Cod
(basin 22).

Chloride

Chloride is present in all natural water, but
the concentrations are generally small (Hem,
1985, p. 118-119). The most important natural
sources are associated with sedimentary rocks,
marine sediments, and rainwater close to the
ocean. Contamination from human sources may
be a major source and include septic-system
discharges and the use of deicing salts on the
roads during the winter. The U.S
Environmental Protection Agency (1986)
recommends a maximum concentration of 250
mg/L in drinking water to prevent a salty taste.
In the evaluation of chloride in Massachusetts
ground water, Motts and Saines (1969) indicate
that chloride concentrations in 1890 ranged
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Figure 8. Distribution of sodium concentrations inywater from public-supply wells.
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Figure 10. Distribution of bicarbonate concentrations in water from public-supply wells.
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from about 0.7 mg/L in western Massachusetts
to about 5 mg/L in the eastern part of the
Commonwealth. In water from the Cape Cod
area, chloride concentrations were larger, and
ranged from about 6 mg/L in Plymouth
public-supply wells to about 24 mg/L in
Provincetown public-supply wells (Motts and
Saines, 1969, fig. 2). The east-to-west decrease
in chloride concentrations was attributed by
Motts and Saines to the diminishing effects of
the ocean on precipitation and the presence of
fewer minerals containing chloride in the
western bedrock.

The U.S. Environmental Protection Agency
250-mg/L recommended maximum
concentration was exceeded in only 10 out of
8,300 analyses (fig. 11)--two samples analyzed
from the Chicopee (basin 8), five from the
Blackstone (basin 12), one from the Neponset
(basin 19b), one from the Weymouth and Weir
(basin 19¢), and one from Cape Cod (basin 22).
Median concentrations are generally less than
50 mg/L, typically from about 3.0 to 33 mg/L.
Only two basins have ground water containing
median concentrations of 50 mg/L or greater
(Appendix 1, p. 51)--the Quinebaug (basin 9), 50
mg/L, and the Mystic (basin 19a), 58.5 mg/L.
The five smallest median concentrations are
from western Massachusetts--the Hoosic (basin
la), 2.0 mg/L; the Housatonic (basin 2), 3.0
mg/L; the Deerfield (basin 3), 6.0 mg/L; the
Westfield (basin 4), 7.5 mg/L; and the
Connecticut (basin 6), 8.0 mg/L.

Sulfate

Natural sources of sulfate (Hem, 1985, p.
112-117) in water include the weathering of
sulfur-bearing minerals, such as pyrite and
gypsum, volcanic discharges to the atmosphere,
and biologic and biochemical processes. Human
sources include industrial discharges to both

streams and the atmosphere and the
combustion of fossil fuels, such as coal. The U.S.
Environmental Protection Agency (1986)

recommends a maximum concentration of 250
mg/L in drinking water to prevent laxative
effects. In Massachusetts, the distribution of
sulfate in water from public-supply wells is
fairly uniform, with concentrations generally
from about 10 to 20 mg/L (fig. 12). None of the
concentrations exceeded the recommended

maximum; however, ground water in four
basins have sulfate concentrations greater than
150 mg/L--the Blackstone (basin 12), the
Shawsheen (basin 15), the North Coastal (basin
18), and the Taunton (basin 25). The largest
median concentrations (Appendix 1, p. 52) are
21 mg/L in the Mystic (basin 19a) and 23 mg/L
in the Ipswich (basin 17). The smallest median
concentrations are 5 mg/L in the Islands (basin
23) and 6 mg/L in the Farmington (basin 5) and
Cape Cod (basin 22).

Nitrogen

Nitrogen is a relatively minor constituent in
Massachusetts ground water. The two principal
forms in which it is found are nitrate and
ammonia (Hem, 1985, p. 124-126). Nitrate is
transported readily in water and is stable under
a variety of conditions, whereas ammonia is
strongly adsorbed on mineral surfaces.
Important ground-water sources include
poor-quality surface-water infiltration through
barnyards, sewage, septic systems, fertilized
lawns, golf courses, and crop fields, and nitrogen
oxides in the atmosphere resulting from the
combustion of fossil fuel. Large concentrations
of nitrate or ammonia may be indicative of
contamination from agricultural activities and
sewage or organic waste (Hem, 1985, p. 124).

Nitrate

The U.S. Environmental Protection Agency
(1986) primary drinking-water regulation for
nitrate is 10 mg/L as nitrogen (N) because larger
concentrations may cause hemoglobin poisoning
in infants. Nitrate (fig. 13) does not follow a
normal distribution as suggested by the large
number of outlying values. Most of the
concentrations are less than 1 mg/L and range
from about 0.3 to 0.7 mg/L. Only three basins
have ground water with concentrations that
exceed the 10-mg/L regulation; one analysis
each from the Concord and Sudbury (basin 14b)
and Shawsheen (basin 15), and three analyses
from the Taunton (basin 25). As shown in
Appendix 1 (p. 53), all of the analyses are less
than 20 mg/L. The Neponset (basin 19b) is the
only basin with a median concentration in water
greater than 1.0 mg/L (1.2 mg/L). The smallest
median concentrations are 0.05 mg/L in water
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